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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates to an information
recording apparatus, an information recording method,
an information recording medium, an information repro-
ducing apparatus and an information reproducing meth-
od and is applicable to an optical disk system by, for
example, a compact disk or the like. According to the
present invention, in the case in which with regard to a
defect having a size by which at least main data can be
reproduced correctly, by allocating 1 bit of sub-data to a
pit row or the like having a predetermined length or more
suchthatthe sub-data can be reproduced correctly, when
data or the like related to copyright is recorded by partial
change of pit shape or the like, the data can be repro-
duced with certainty without repeatedly recording the da-
ta.

Description of the Related Art

[0002] Conventionally, in a compact disk, there are re-
corded signals utilized by the user such as audio signal,
TOC (Table of Contents) and the like in a program area
and aread-in area and there is formed an area of record-
ing IFPI (International Federation of the Phonographic
Industry) code on an inner peripheral side of the read-in
area.

[0003] Here, IFPI code is a code capable of confirming
maker, production site, disk number or the like by optical
observation and in the case of a compact disk, illegal
copy of pirated edition or the like can be discovered by
confirming the code.

[0004] Inthe meantime, when a compact disk of illegal
copy can be detected automatically by a compact disk
player, it seems that various measures can be taken with
regard to illegal copy of this kind and right of a copyright
owner can be protected effectively.

[0005] Inthis case, although it is conceivable to detect
illegal copy by utilizing IFPI code, in the case of IFPI code,
the code is on the premise that the code can be confirmed
by optical observation and accordingly, when there is
constructed a constitution in which IFPI code can be con-
firmed by a compact disk player, the constitution of the
compact disk player becomes complicated. Further, IFPI
code per se can be forged since the code can be con-
firmed by optical observation and in this case, after all,
illegal copy cannot be determined.

[0006] With regard thereto, as proposed, for example,
Japanese Patent Application No. 288960/1997, Japa-
nese Patent Application No. 34837/1997, Japanese Pat-
ent Application No. 332222/1998, Japanese Patent Ap-
plication No. 371795/1998 and the like, when data or the
like related to the copyright is recorded by partial change
of pit shape such that no influence is effected in repro-
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duction of audio signal, such an illegal copy can be de-
tected with certainty.

[0007] However, in the case in which data or the like
related to copyright is recorded by the partial change of
the pit shape, there is conceivable a case in which the
partial change of the shape is difficult to detect owing to
a defect of the compact disk. Thereby, in the case of the
method, the certainty needs to establish by repeatedly
recording the same data.

[0008] An information recording apparatus in which all
features of the precharacterizing part of claim 1 are dis-
closed, is described in JP 11 185258 A.

SUMMARY OF THE INVENTION

[0009] Itisan object of the present invention to provide
an information recording apparatus, an information re-
cording method, an information recording medium, an
information reproducing apparatus and an information
reproducing method capable of recording/reproducing
sub-data that are formed by a local change in a pit or a
mark of a pit row or a mark row and have a minimal re-
dundancy.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Fig. 1is ablock diagram showing an additional mod-
ulating circuit of a disk original exposure apparatus
according to an embodiment of the present inven-
tion.

Fig. 2 is a block diagram showing the disk original
exposure apparatus related to the additional modu-
lating circuit of Fig. 1.

Fig. 3 is a block diagram showing a 7T or more de-
tecting circuit in the additional modulating circuit of
Fig. 1. reproducing apparatus and an information re-
cording apparatus and an information recording
method for forming the information recording medi-
um.

[0011] In order to resolve such a problem, according
to one aspect of the present invention, by applying the
present invention to an information recording apparatus
or an information recording method, with regard to a de-
fect having a size by which at least main data can be
reproduced correctly, there is generated a second mod-
ulating signal by allocating 1 bit of sub-data to a pit row
or a mark row having a predetermined length or more
such that the sub-data can be reproduced correctly.
[0012] Further, according to another aspect of the
present invention, by applying the present invention to
an information recording medium, with regard to a defect
having a length by which main data can be reproduced
correctly, 1 bit of sub-data is allocated to a pit row or a
mark row having a predetermined length such that sub-
data can be reproduced correctly.
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[0013] Further, according to another aspect of the
present invention, by applying the present invention to
an information reproducing apparatus or an information
reproducing method, sub-data recorded by a local
change in a pit or a mark of a pit row or a mark row by
repeating to integrate a sampling signal for a predeter-
mined time period, is reproduced and an integrating time
period in correspondence with 1 bit of the sub-data is set
to a time period by which the sub-data can be recorded
correctly with regard to a defect having a size by which
at least main data can be reproduced correctly.

[0014] According to the constitution of another aspect
of the present invention, by a partial change in a pit shape
or the like, data or the like related to copyright is recorded
and in the case in which, for example, there causes a
small defect or the like to a degree which cannot be seen
by the eye, the sub-data can be reproduced when the
main data can be reproduced without repeatedly record-
ing the sub-data.

[0015] Further, according to the constitution of another
aspect of the present invention, by applying the present
invention to the information recording medium, 1 bit of
the sub-data is allocated to the pit row or the mark row
having the predetermined length such that the sub-data
can correctly be reproduced with regard to a defect hav-
ing a length by which the main data can correctly be re-
produced, thereby, the sub-data can correctly be repro-
duced without repeatedly recording the sub-data so far
as the main data can be reproduced correctly.

[0016] Further, according to the constitution of another
aspect of the present invention, by applying the present
invention to the information reproducing apparatus or the
information reproducing method, there is reproduced the
sub-data recorded by the local change in the pit or the
mark of the pit row or the mark row by repeating to inte-
grate the sampling signal of the predetermined time pe-
riod and the integrating time period in correspondence
with 1 bit of the sub-data is set to the time period by which
the main data can correctly be reproduced with regard
to a defect having a size by which at least the main data
can be reproduced correctly, thereby, the sub-data can
be reproduced when the main data can be reproduced
in the case in which, for example, there causes a small
defect or the like to a degree which cannot be seen by
the eye without repeatedly recording the sub-data.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

Fig. 1 is a block diagram showing an additional mod-
ulating circuit of a disk original exposure apparatus
according to an embodiment of the present inven-
tion.

Fig. 2 is a block diagram showing the disk original
exposure apparatus related to the additional modu-
lating circuit of Fig. 1.

Fig. 3 is a block diagram showing a 7T or more de-
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tecting circuit in the additional modulating circuit of
Fig. 1.

Figs. 4A to 4C are a perspective view and configu-
ration vies showing a compact disk formed by the
disk original exposure apparatus of Fig. 2.

Fig. 5 is a block diagram showing an optical disk
reproducing apparatus for reproducing the compact
disk of Figs. 4A to 4C.

Fig. 6is a block diagram showing a second decoding
circuit of the optical disk reproducing apparatus of
Fig. 5.

Fig. 7 is a block diagram showing an M series gen-
erating circuit of the second decoding circuit of Fig. 6.

DESCRIPTINO OF THE PREFERRED EMBODIMENTS

[0018] A detailed description will be given of embodi-
ments of the present invention pertinently in reference to
the drawings as follows.

(1) Constitution of embodiment

[0019] Fig.2isablock diagram showing a disk original
exposure apparatus according to an embodiment of the
present invention. According to a disk original exposure
apparatus 1, a disk original 2 is exposed and audio data
SA outputted from a signal source 3 is recorded. In steps
of fabricating a compact disk, after developing the disk
original 2, by carrying out an electrocasting process, a
mother disk is formed and a stamper is formed from the
mother disk. Further, in the steps of fabricating the com-
pact disk, a disk substrate is formed by the stamper
formed in this way and a reflective film and a protective
film are formed above the disk substrate to thereby form
the compact disk.

[0020] Thatis, according to the disk original exposure
apparatus 1, a spindle motor 4 drives to rotate the disk
original 2 and FG signal FG a signal level of which rises
at every predetermined rotational angle is outputted from
an FG signal generating circuit held at a bottom portion
thereof. A spindle servo circuit 5 drives the spindle motor
4 such that frequency of the FG signal FG becomes pre-
determined frequency to thereby drive to rotate the disk
original 2 under constant line speed.

[0021] A laser 6 is constituted by gas laser or the like
and emits laser beam L1 for exposing the disk original.

[0022] Anoptical modulator 7is AOD (Acoustic Optical
Deflector) constituted by an electro-acoustic optical ele-
ment or the like for controlling an optical amount of the
laserbeam L1 emitted fromthe laser 6 by ON/OFF control
in accordance with an optical modulation signal SD to
thereby modulate the laser beam L1 by the optical mod-
ulation signal SD and emit the laser beam L1.

[0023] A mirror 8 emits laser beam L2 emitted from the
optical modulator 7 by deflecting an optical path thereof.
An object lens 9 focuses reflected light of the mirror 8 on
a resist face of the disk original 2. The mirror 8 and the
object lens 9 successively move in an outer peripheral
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direction of the disk original 2 in synchronism with rotation
of the disk original 2 by a threading mechanism, not il-
lustrated, to thereby displace an exposure position by
the laser beam L2 successively to the outer peripheral
direction of the disk original 2.

[0024] Thereby, according to the disk original expo-
sure apparatus 1, in a state in which the disk original 2
isdrivento rotate under the constant line speed condition,
by moving the mirror 8 and the object lens 9, a track is
formed in a spiral shape and a pit row in accordance with
the audio data SA is formed on the track.

[0025] The signal source 3 is constituted by a digital
audio tape recorder or the like and outputs the audio data
SA recorded by the pit row. A sub code generating circuit
12 outputs sub code data SC including TOC information
or the like prescribed by a standard with regard to the
compact disk.

[0026] AnECCcircuit 11 adds an error correction code
to the audio data SA and thereafter subjects the audio
data SA to an interleave processing to thereby enable to
reproduce the audio data SA correctly even in the case
in which a defect is caused in the compact disk. An EFM
circuit 13 carries out 8-14 modulation by adding the sub
code data SC outputted from the sub code generating
circuit 12 to the audio data SA, error correction code out-
putted from the ECC circuit 11 and generates EFM signal
EFM by interposing a synchronizing signal or the like to
a result of the modulation. Thereby, the EFM circuit 13
constitutes first modulating signal generating means for
generating the EFM signal EFM which is a first modulat-
ing signal in correspondence with the pit row or a mark
row.

[0027] According to a conventional disk original expo-
sure apparatus used in fabricating a compact disk, the
optical modulator 7 is driven directly by the EFM signal
EFM generated in this way to thereby form the pit row by
successively exposing the disk original 2 by ON/OFF
control of the laser beam L1 in accordance with the signal
level of the EFM signal EFM.

[0028] According to the disk original exposure appa-
ratus 1, in an additional modulating circuit 14, the EFM
signal EFM is further modulated by sub-data SB output-
ted from a signal source 15 to thereby generate the op-
tical modulating signal SD to thereby record not only the
audio data SA but also the second data SB on the disk
original 2.

[0029] Here, the signal source 15 outputs a disk iden-
tifying code as the sub-data SB. The disk identifying code
SB is data for identifying history and the like of the com-
pact disk and is constituted by, for example, ID informa-
tion, information related to manufacturing factory, man-
ufacturing year, month and date, information for control-
ling copiable/noncopiable and the like which are set as
inherent to each disk original. The signal source 15 out-
puts the disk identifying code SB by data of 2 bits com-
prising a higher side bitb0 and alower side bitb1. Further,
the signal source 15 outputs the disk identifying code SB
by a long repetition period with the sub code data SC as
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a reference, that is, such that 1 block period of a time
code in the sub code data SC constitutes the repetition
period of the disk identifying code SB.

[0030] Here, according to the sub code data SC, the
signal source 15 outputs 1 bit of the disk identifying code
SB by 75 [bits/second] since 1 block period of the time
code is prescribed to be 1/75 [second] by a standard and
outputs the disk identifying code SB at transmitting speed
of 150 [bits/second] in view of a total of the disk identifying
code SB comprising 2 bits.

[0031] Here, in the case of a compact disk, it is deter-
mined by a standard to record by line speed of 1.2 through
1.4 [m/second]. Thereby, when investigating the case of
the slowest line speed of 1.2 [m/second], the signal
source 15 outputs the disk identifying code SB such that
when converted in a track length in the disk original 2, a
track length of 16 [mm] corresponds to 1 bit of the disk
identifying code SB.

[0032] Thereby, according to the disk original expo-
sure apparatus 1, with respect to an area having a track
length of 16 [mm] formed on the disk original 2, the re-
spective bits of the disk identifying code SB are dispersed
and recorded by partial change of a pit having a prede-
termined length or more formed in the area.

[0033] Here, according to the compact disk, bit error
by the defect or the like is subjected to error correction
processing by an error correction code added to the audio
data. Further, when the size of the defect or the like is
large and bit error which is difficult to correct is caused,
the audio signal which is a result of reproduction is sub-
jected to erasure or interpolation processing. In the case
of the compact disk, when a defect having a predeter-
mined length or more is caused and a frequency of such
an erasure or interpolation processing becomes high,
any user feels strange feeling with regard to the result of
reproduction. That is, when such a defect having a pre-
determined length or more is caused, commercial value
of the compact disk is significantly deteriorated.

[0034] Thatis, when alength of the defect deteriorating
the commercial value in this way is designated by nota-
tion L1 and a length of the defect by which the audio data
is difficult to reproduce correctly even by the error cor-
rection code is designated by notation L2, the length of
16 (mm) allocated with 1 bit of the disk identifying code
SB is constituted such that a length of the length of 16
(mm) removed of the length L1 or L2, respectively, is a
length by which the disk identifying code SB can be re-
produced correctly by a predetermined error rate or
smaller in constitution of a recording/reproducing system
of the disk identifying code SB, mentioned later.

[0035] Thereby, according to the disk original expo-
sure apparatus 1, even when a defect is caused, in the
case in which the audio data SA which is main data can
be reproduced correctly by the error correction code and
in the case in which the audio data SA constituting the
main data can be reproduced correctly to a degree of
maintaining commercial value as the compact disk, such
that the disk identifying code SB can also be reproduced
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correctly, the disk identifying code SB is recorded to al-
locate to a long distance on the compact disk and only
in the case in which a large defect to a degree of losing
the commercial value as the compact disk is caused, the
disk identifying code SB is constituted to difficult to re-
produce.

[0036] Further, according to the disk original exposure
apparatus 1, the relationship is established even with re-
gard to CD-ROM which is an application product of the
compact disk, thereby, in place of forming the compact
disk by recording the audio data SA, the disk original
exposure apparatus 1 is applicable also in forming CD-
ROM. Further, in the case of CD-ROM, when the bit error
is difficult to correct even by the error correction function
of CD-ROM intensified more than the compact disk, after
all, in the data such as computer program is difficult to
reproduce correctly, the commercial value is deteriorated
and accordingly, only in such a case, the disk identifying
code SB is difficult to reproduce.

[0037] Further, in the case in which there is caused a
defect to a degree of being difficult to reproduce the disk
identifying code SB correctly, the length of 16 [mm] is a
length by which the defect can be detected sufficiently
by optical observation. Thereby, the defect by which the
disk identifying code SB is difficult to reproduce correctly
can simply be discovered by optical inspection.

[0038] The additional modulating circuit 14 outputs the
optical modulating signal SD by modulating the EFM sig-
nal EFM by the disk identifying code SB. At this occasion,
the additional modulating circuit 14 modulates the EFM
signal EFM by the disk identifying code SB such that with
regard to a pit formed by the EFM signal EFM, the shape
of the pit is locally changed and the local change effects
no influence in reproduction of the audio data SA. There-
by, the additional modulating circuit 14 constitutes sec-
ond modulating means for modulating the EFM signal
EFM which is the first modulating signal by the disk iden-
tifying code SB which is sub-data.

[0039] Fig. 1 is a block diagram showing a detailed
constitution of the additional modulating circuit 14. The
additional modulating circuit 14 inputs the EFM signal
EFM to PLL circuit, not illustrated, and reproduces chan-
nel clock of the EFM signal EFM by the PLL circuit. The
additional modulating circuit 14 supplies respective cir-
cuit blocks with the channel clock as a reference of
processing the EFM signal EFM.

[0040] A synchronization detecting circuit 20 outputs
a synchronization detecting signal SY indicating frame
boundary of the EFM signal EFM by detecting a synchro-
nizing signal allocated to the EFM signal EFM by 1 frame
unit (588 channel clock unit). Further, the synchronization
detecting circuit 20 detects a boundary of a block of the
time code by the time code allocated to the EFM signal
EFM and outputs a block partition pulse signal BP indi-
cating the boundary. Thereby, the block partition pulse
signal BP indicates bit boundary of the disk identifying
code SB, mentioned above, and is outputted by a 98
frame period by a standard of a compact disk.
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[0041] An M series generating circuit 21A generates
an M series signal MA which is a random number of M
series with the synchronization detecting signal SY and
the block partition pulse signal BP as a reference and
outputs the M series signal MA.

[0042] That is, according to the M series generating
circuit 21A, a synchronization pattern counting circuit 22
clears a count value by the block partition pulse signal
BP and successively counts the synchronization detect-
ing signal SY. Here, according to the compact disk, by
constituting 1 block by 98 frames, the synchronization
pattern counting circuit 22 outputs count values from a
value 0 to avalue 97 successively recurrently in synchro-
nism with the block partition pulse signals BP.

[0043] An initial value generating circuit 23 is consti-
tuted by, for example, memory IC and outputs an initial
value in accordance with the count value of synchroni-
zation pattern counting circuit 22.

[0044] An M series calculating circuit 24 is constituted
by a number of continuously connected flip flop and ex-
clusive OR and sets the initial values outputted from the
initial value generating circuit 23 to these flip flop by tim-
ings of the synchronization detecting signal SY. The M
series calculating circuit 24 successively transfers con-
tent held by these flip flop in synchronism with the channel
clock of the EFM signal EFM to thereby generate and
output the M series signal MA. Here, the M series signal
MA is a random number of M series and is a signal in
which logic 1 and logic 0 emerge randomly at an equal
probability.

[0045] Thereby, the M series generating circuit 21A
constitutes binary number coefficient row generating
means for outputting a binary number coefficient row by
the M series signal MA and initializes the binary number
coefficient row at a constant period with the EFM signal
EFM as a reference by operation of the synchronization
pattern counting circuit 22 and the initial value generating
circuit 23.

[0046] AnMseriesgenerating circuit21Bis constituted
the same as the M series generating circuit 21A except
that the calculating processing in the M series calculating
circuit 24 differs and generates an M series signal MB
different from the M series signal MA outputted from the
M series generating circuit 21A and outputs the M series
sighal MB.

[0047] Exclusive OR circuits 26A and 26B generate
exclusive OR signals produced by the M series signal
MA and MB generated in this way and the bits b0 and b1
respectively in correspondence with the disk identifying
code SB and output the exclusive OR signals.

[0048] That is, the exclusive OR circuit 26A outputs
the M series signal MA as it is when the bit bO to which
the disk identifying code SB corresponds is logic 0 and
outputs the M series signal MA by inverting the signal
level when the bit b0 is logic 1. Thereby, the exclusive
OR circuit 26A disturbs the lower bit b0 of the disk iden-
tifying code SB by the M series signal MA and outputs
the lower bit b0. Thereby, the exclusive OR circuit 26A
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constitutes first disturbing means for generating a first
disturbing signal by disturbing the disk identifying code
SB which is sub-data by the binary number coefficient
row generated by the M series generating circuit 21A.
[0049] Similarly, the exclusive OR circuit 26B outputs
the M series signal MB as it is when the bit bl to which
the disk identifying code SB corresponds is logic 0 and
outputs the M series signal MB by inverting the signal
level when the bit bl is logic 1. Thereby, the exclusive
OR circuit 26B disturbs the higher bit b1 of the disk iden-
tifying code SB by the M series signal MB and outputs
the higher bit b1. Thereby, the exclusive OR circuit 26B
constitutes second disturbing means for generating a
second disturbing signal by disturbing the disk identifying
code SB which is sub-data by the binary coefficient row
generated by the M series generating circuit 21B.
[0050] A random number generating circuit 27 gener-
ates a random number signal (or quasi random number
signal) RX by an arbitrary method and outputs the ran-
dom number signal. A data selector 28 selects and out-
puts output signals of the exclusive OR circuits 26A and
26B in accordance with the random number signal RX
outputted from the random number generating circuit 27.
Thereby, the additional modulating circuit 14 further dis-
turbs and multiplexes the two bits b0 and b1 of the disk
identifying code SB which have been disturbed respec-
tively by the M series signals MA and MB and generates
1 series of disturbing signal.

[0051] A latch 29 latches and outputs an output signal
of the data selector 28 at a timing of a rise edge of the
EFM signal. Here, according to the disk original exposure
apparatus 1, the rise edge of the EFM signal is set to
correspond to the timing of start of pit in the compact
disk, thereby, the latch 29 latches the output signal of the
data selector 28 at the timing of starting to form the pit
and holds the output signal during a time period until a
successive timing of starting to form the pit.

[0052] A 7T or more detecting circuit 30 is constituted
as shown by Fig. 3 and detects a time period in which
the signal level rises during a time period of a period of
7T or more with respect to a period T of the channel clock
inthe EFM signal EFM. Thereby, the 7T or more detecting
circuit 30 detects a timing of pit formed by a length of a
length in correspondence with the period 7T or more on
the disk original 2 and outputs a result of the detection
as a detecting pulse SX.

[0053] That is, the 7T or more detecting circuit 30 in-
puts the EFM signal EFM to 8 stages of flip flop 31A
through 31H which are continuously connected and suc-
cessively transfers the EFM signal EFM by these flip flops
31A through 31H with the channel clock CK of the EFM
signal EFM as a reference. Further, the 7T or more de-
tecting circuit 30 inputs output signals of these flip flop
31Athrough 31H to AND circuit 32. Here, the 7T or more
detecting circuit 30 inverts the signal level of the output
signal with respect to the flip flop 31A at the final stage
and inputs the inverted output signal to the AND circuit 32.
[0054] Thereby, the 7T or more detecting circuit 30
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makes the output signal of the AND circuit 32 rise to logic
1 when the output signal of the flip flop 31H at the final
stage is logic 0 and the output signals of the other flip
flop 31A through 31G are logic 1. Thereby, in the case
in which the output signal of the AND circuit 32 rises to
logic 1 in this way, this is a case in which the rise of the
signal level continues during the period of 7T or more
after the signal level of the EFM signal EFM has risen,
thereby, the timing of forming pit of the period of 7T or
more is detected.

[0055] The 7T or more detecting circuit 30 latches the
output signal of the AND circuit 32 by a latch 33 with the
channel clock CK as a reference and outputs the latch
result as the detecting pulse SX. Thereby, in the case in
which the signal level of the EFM signal EFM rises and
the rise of the signal level continues during the period of
7T or more, the detecting pulse SX is outputted such that
the signallevel rises during the time period of T of 1 period
of the channel clock CK.

[0056] AND circuit 34 (Fig. 1) generates and outputs
AND signal produced by the output signal of the latch 29
and the detecting pulse SX of the 7T or more detecting
circuit 30. A monostable multivibrator (MM) 35 is trig-
gered by output signal outputted from the AND circuit 34
and outputs a pulse signal RP the signal level of which
rises in accordance with a predetermined pulse width.
[0057] A delay circuit 36 outputs the EFM signal EFM
after delaying the EFM signal EFM by a predetermined
clock number and a subtracting circuit 37 subtracts the
output signal RP of the monostable multivibrator 35 from
the output signal of the delay circuit 36 and outputs the
optical modulating signal SD. Here, according to the de-
lay circuit 36, the EFM signal EFM is delayed such that
in the processing at the subtracting circuit 37 in this way,
a time period during which the signal level of the pulse
signal RP rises, becomes a time period of substantially
at center of a time period during which the signal level of
the corresponding EFM signal EFM rises.

[0058] Further, according to the embodiment, delay
time of the delay circuit 36 is set such that the timing at
which the signal level of the output signal RP rises, be-
comes a time point after elapse of a time period of the
period 3T from start of the time period of the period 7T
or more. Thereby, according to the additional modulating
circuit 14, the output signal RP is prevented from effecting
influence on reproduction of the audio data SA by the
EFM signal EFM in the pit row formed by correcting the
signal level of the EFM signal EFM by the output signal
RP of the monostable multivibrator 35 in this way.
[0059] Figs. 4A to 4C are a perspective view and con-
figuration views showing a compact disk formed by the
disk original 2. As described above, according to the op-
tical modulating signal SD, in forming a pit P1 having the
period of 7T or more, by making the signal level fall by
the pulse signal RP at the timing at substantially center
of the pit P1, in the case of a compact disk 40, in the pit
P1 having the period of 7T or more, the pit width is formed
to be locally narrowed substantially at the central portion
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of the pit P1 in accordance with the M series signals MA
and MB and the disk identifying code SB.

[0060] Thereby, in the case of the compact disk 40,
the disk identifying code SB is recorded by local change
of the pit such that no influence is effected on reproduc-
tion of data recorded by the pit row and 1 bit of the disk
identifying code SB is recorded by being allocated with
an extremely long length such that with regard to a defect
having a length by which the audio data which is main
data can correctly be reproduced, the disk identifying
code which is sub-data can correctly be reproduced.
[0061] Further, according to the compact disk 40, 2
bits of the disk identifying code SB are disturbed by the
random number signal RX and the respective bit rows
are further disturbed by the M series signals MA and MB,
thereby, such local change of the pit P1 having the period
of 7T or more is irregularly formed, thereby, according to
observation by a microscope or the like, record of the
disk identifying code SB can easily be discovered. Fur-
ther, according to observation of a reproduced signal by
an oscilloscope or the like, such a local change is ob-
served as noise and therefore, also by waveform analysis
of such a reproduced signal, a record of the disk identi-
fying code SB can easily be discovered.

[0062] Fig.5is ablockdiagram showing an optical disk
reproducing apparatus for reproducing the compact disk
40 formed in this way. According to an optical disk repro-
ducing apparatus 41, a spindle motor 42 drives to rotate
the compact disk 40 by the condition of constant line
speed by control of a spindle servo circuit (not illustrated)
with clock provided from the compact disk 40 as a refer-
ence.

[0063] An optical pickup H irradiates the compact disk
40 with laser beam, receives return beam by a predeter-
mined light receiving element, subjects a light receiving
result by the light receiving elementto the current/voltage
conversion processing and outputs the light receiving re-
sult. A matrix circuit (MA) 43 subjects the light receiving
result outputted from the optical pickup H to matrix cal-
culation processing and thereby outputs a reproduced
signal HF the signal level of which is changed in accord-
ance with a pit row formed at the compact disk 40, a
tracking error signal TK the signal level of which is
changed in accordance with a tracking error amount and
a focus error signal FS the signal level of which is
changed in accordance with a focus error amount. There-
by, the optical pickup H and the matrix circuit 43 constitute
reproduced signal generating means for receiving the
return beam and generating the reproduced signal HF
the signal level of which is changed in accordance with
the pit row or a mark row.

[0064] A servo circuit 44 controls the optical pickup H
by tracking control and focus control based on the track-
ing error signal TK and the focus error signal FS. Further,
the optical pickup H is moved in the radius direction of
the compact disk 40 by control of a controller, not illus-
trated, to thereby make the optical pickup H seek.
[0065] A binarizing circuit 45 binarizes the reproduced
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signal HF by predetermined thresholds and outputs a
binarized signal BD which is a result of the binarization.
A PLL circuit 46 reproduces and outputs the channel
clock CK by operating with the binarized signal BD as a
reference.

[0066] A decoding circuit 47 reproduces and outputs
the audio data and the error correction code recorded by
the pit row by successively processing the binarized sig-
nal BD with the channel clock CK as areference. An ECC
circuit 48 subjects the output data of the decoding circuit
47 to the correction processing and thereby reproduces
and outputs the audio data SA recorded by the pit row.
Thereby, the binarizing circuit 45, the PLL circuit 46 and
the decoding circuit 47 constitute main decoding means
for decoding the audio data SA which is main data by
identifying the reproduced signal.

[0067] An analog/digital conversion circuit (AD) 49
subjects the reproduced signal HF to analog/digital con-
version processing with the channel clock CK as a ref-
erence and thereby outputs a digital reproduced signal
DX comprising 8 bits. Thereby, the analog/digital conver-
sion circuit 49 constitutes sampling means for sampling
the reproduced signal HF and outputting the digital re-
produced signal DX which is a sampling signal.

[0068] A second decoding circuit 50 reproduces and
outputs the disk identifying code SB by subjecting the
digital reproduced signal DX to signal processing. Ac-
cording to the optical disk reproducing apparatus 41, the
reproduced disk identifying code SB serves to protect
the copyright owner. Thereby, the second decoding cir-
cuit 50 constitutes sub decoding means for reproducing
sub-data recorded by local change of pit or mark of the
pit row or the mark row by repeating to integrate the sam-
pling signal generated by the analog/digital conversion
circuit 49 in a predetermined time period.

[0069] Fig. 6 is a block diagram showing the second
decoding circuit 50. According to the second decoding
circuit 50, a sub code detecting circuit 51 latches and
processes the binarized signal BD by the channel clock
CK and thereby detects sub code data by the binarized
signal BD. Further, the sub code detecting circuit 51 de-
tects a block boundary of a time code from the detected
sub code data and outputs the block partition pulse signal
BP indicating the boundary. Thereby, the block partition
pulse signal BP indicates a bit boundary of the disk iden-
tifying code SB included in the reproduced signal HF.
[0070] A synchronization detecting circuit 52 detects
a synchronizing signal from the binarized signal BD by
successively latching the binarized signal BD by the
channel clock CK and determining a logical level thereof.
Further, the synchronization detecting circuit 52 outputs
a synchronization detecting signal SY indicating a frame
boundary of the binarized signal BD from a result of the
detection.

[0071] M series generating circuits (M series) 53A and
53B respectively generate and output M series signals
MA and MB the same as those used in disturbing the
disk identifying code SB in recording operation. That is,
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as shown in Fig. 7, according to the M series generating
circuit A, a synchronization interpolating circuit 54 counts
the channel clock CK with the synchronization detecting
signal SY as a reference and thereby generates and out-
puts a synchronization detecting signal SY2 correctly in-
dicating the frame boundary in the binarized signal BD
even in the case in which the synchronization detecting
signal SY is not detected by a defect or the like by count-
ing the channel clock CK with the synchronization de-
tecting signal SY as a reference.

[0072] Thereby, according to the compact disk, by set-
ting 1 frame which is an inserted period of the synchro-
nization detecting signal SY to 588 channel clocks, the
synchronization interpolating circuit 54 generates the
synchronization detecting signal SY2 by utilizing the re-
lationship and thereby outputs the synchronization de-
tecting signal SY2 indicating correctly the frame bound-
ary even in the case in which the synchronization detect-
ing signal SY is not detected by a defect or the like, in
the case in which the synchronization detecting signal
SY is erroneously detected or the like.

[0073] A synchronization pattern counting circuit 55
clears a count value by the block partition pulse signal
BP and successively counts the synchronization detect-
ing signal SY. Here, according to the compact disk, 1
block is constituted by 98 frames and accordingly, the
synchronization pattern counting circuit 55 repeatedly
outputs a count value from value 0 through value 97 at
the period of the block partition pulse signal BP similar
to the synchronization pattern counting circuit 22 (Fig. 1)
in recording operation.

[0074] An initial value generating circuit 56 is consti-
tuted by, for example, memory IC, holds contentthe same
as that of the initial value generating circuit 23 on the
recording side and outputs an initial value in accordance
with a count value of the synchronization pattern counting
circuit 55.

[0075] An M series calculating circuit 63 is constituted
the same as the M series calculating circuit 24 on the
recording side by a number of flip flop and exclusive OR
which are continuously connected and sets the initial val-
ue outputted from the initial value generating circuit 56
to these flip flop at the timings of the synchronization
detecting circuit SY. The M series calculating circuit 63
successively transfers content held in these flip flop in
synchronism with the channel clock CK and thereby gen-
erates and outputs M series signal MA the same as that
generated in recording operation.

[0076] Thereby, when the M series signal MA is gen-
erated by carrying out initialization by the frame period
in this way, the M series signal MA can be initialized by
correct timing even in the case in which the PLL circuit
46 is erroneously operated by, for example, a defect of
about 1 (mm) of the compact disk 40 and as a result, bit
slip is caused in the channel clock CK, thereby, with the
M series signal MA as a reference, the disk identifying
code SB is decoded and a correct decoded result can be
provided.
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[0077] Further, the M series generating circuit 53B cor-
responds to the M series generating circuit 21B in record-
ing operation and is constituted the same as the M series
generating circuit 53A except that calculating operation
in the M series calculating circuit 63 differs and accord-
ingly, a detailed explanation thereof will be omitted here.
[0078] A 7T or more detecting circuit 57 corresponds
to the 7T or more detecting circuit 30 on the recording
side and outputs a latch signal the signal level of which
rises only during a time period of 1 channel clock period
T in a pit of the period of 7T or more allocated with the
disk identifying code SB by determining a continuous sig-
nal level of the binarized signal BD with the channel clock
CK as a reference. Thereby, the 7T or more detecting
circuit 57 is constituted the same as the 7T or more de-
tecting circuit 30 explained in reference to Fig. 3 except
that the binarized signal BD is successively transferred
in place of the EFM signal EFM.

[0079] A latch 58 latches the digital reproduced signal
DX inputted via a delay circuit 59 with a latch signal as
a reference and the delay circuit 59 delays the digital
reproduced signal DX by a predetermined time period
such that a latch timing by the latch 58 becomes a timing
of locally changing the pit width in a pit having the period
of 7T or more.

[0080] A multiplying circuit (X) 60A switches polarity
of alatch result outputted from the latch 58 in accordance
with the logical level of the M series signal MA generated
by the M series generating circuit 53A and outputs there-
of. Here, the local change of the pit width in the recording
operation is formed by further disturbing the bits b0 and
b1 which have respectively been disturbed by the M se-
ries signals MA and MB by the random number signal
RX, thereby, according to an output signal from the mul-
tiplying circuit 60A, a signal produced by disturbing the
bit b0 by the M series signal MA and a signal produced
by disturbing the bit b1 by the M series signal MB, are
mixed.

[0081] Among them, according to a first multiplied val-
ue to which the bit b0 and the M series signal MA are
correctly reflected the bit b0 is multiplied by the M series
signal MA with a time period during which 1 bit of the disk
identifying code SB is being allocated as a unit and is
accumulatedly added, thereby, the first multiplied value
converges to a constant value in correspondence with
the logical level of the bit b0. According to the embodi-
ment, the M series signal MA is multiplied by switching
the polarity of the latch result outputted from the latch 58
in accordance with the logical level of the M series MA
and an accumulated addition result is subjected to binary
value identification with the value 0 as a reference to
thereby correctly decode the bit bO.

[0082] In contrast thereto, according to the signal pro-
duced by disturbing the bit b1 by the M series signal MA,
since the M series signal MA and MB are random num-
bers in which logic 1 and logic 0 are generated at equal
probability, the signal gradually converges to the value
0 by multiplying the bit b1 by the M series signal MA and
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accumulatedly adding the multiplied result during a con-
stant time period. That is, according to the embodiment,
by switching the polarity of the latch result outputted from
the latch 58 in accordance with the logical level of the M
series signal MA, information of the bit b1 converges to
the value 0 by the accumulated addition for the constant
time period.

[0083] Thereby, according to the output signal of the
multiplying circuit 60A in which a first and a second mul-
tiplied value are repeated in accordance with the random
number signal RX, after accumulated addition with the
time period during which the disk identifying code SB of
1 bit is being allocated, the lower bit b0 can correctly be
decoded by being subjected to binary value identification
with the value 0 as a reference.

[0084] Thereby, an accumulated addition circuit 61A
outputs a result of accumulated addition representing the
logical level of the bit b0 by subjecting the multiplied result
of the multiplying circuit 60A to accumulated addition by
the period of the block partition signal BP and a deter-
mining circuit 62A subjects a result of accumulated ad-
dition of the accumulated addition circuit 61A to binary
value identification in accordance with 0 level with the
block partitioning signal BP as a reference and thereby
decodes and outputs the lower side bit bO of the disk
identifying code SB.

[0085] Similar to such processing on the side of the M
series signal MA, a multiplying circuit (X) 60B switches
the polarity of the latch result outputted from the latch 58
in accordance with a logical level of the M series signal
MB generated by the M series generating circuit 53B and
outputs the latch result. Here, according to an output sig-
nal from the multiplying circuit 60B provided in this way,
a product of the M series signal MB and the latch result
is calculated.

[0086] Thereby, an accumulated addition circuit 61B
subjects a multiplied result of the multiplying circuit 60B
to accumulated addition at the period of the block partition
signal BP and thereby outputs a result of the accumulated
addition representing the logical level of the bit b1 and a
determining circuit 62B subjects a result of accumulated
addition of the 0 level accumulated addition circuit 61B
with the block partition signal BP as areference to thereby
record and output the higher side bit b1 of the disk iden-
tifying code SB.

(2) Operation of embodiment

[0087] Intheabove-described constitution, inthe steps
of fabricating the compact disk 40 according to the em-
bodiment, in the disk original exposure apparatus 1 (Fig.
2), in accordance with the audio data SA outputted from
the signal source 3 which is a digital audio tape recorder,
the disk original 2 is successively exposed, the mother
disk is formed and thereafter, the compact disk 40 is
formed from the mother disk.

[0088] In exposing the disk original 2, the audio data
SA is converted into the EFM signal EFM by executing
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the processing of adding the error correction code in the
ECC circuit 11 and thereafter adding the sub code data
SC at the successive EFM circuit 23. Further, the EFM
signal EFM is converted into the drive signal SD at the
additional modulating circuit 14 and is recorded on the
disk original 2 by driving the optical modulator 7 by the
drive signal SD. Thereby, the audio data SA is recorded
on the disk original 2 by a repetition of pits and spaces
in accordance with lengths produced by multiplying a ba-
sic length in correspondence with one period of the chan-
nel clock CK by integers.

[0089] Inconverting the EFM signal EFM into the drive
signal SD, the EFM signal EFM is converted into the drive
signal SD by locally switching the signal level, thereby,
in a pit row formed on the disk original 2, there is formed
a pit having a locally narrow width. Thereby, the pit width
is modulated and the sub-data SB by the disk identifying
code is recorded on the disk original 2.

[0090] Thatis, according to the disk original exposure
apparatus 1, the disk identifying code SB of 2 bits com-
prising the lower bit b0 and the upper bit b1 is outputted
and the EFM signal EFM is modulated by the additional
modulating circuit 144 in accordance with the disk iden-
tifying code SB to thereby generate the drive signal SD.
[0091] Atthis occasion, the disk identifying code SB is
outputted based on the time code allocated to the sub
code data SC by a long bit period in which 1 block period
of the time code in the sub code data SC constitutes a
repetition period of the disk identifying code SB, thereby,
1 bit is allocated and recorded in an area having a track
length of 16 (mm) in the compact disk 40.

[0092] The length of 16 (mm) is a length by which the
disk identifying code SB can correctly be reproduced in
the case in which the audio data SA which is main data
can correctly be reproduced by the error correction code
and in the case in which the audio data SA which is the
main data can correctly be reproduced to a degree of
maintaining commercial value as the compact disk,
thereby, the disk identifying code SB can correctly be
reproduced without repeatedly recording thereof.
[0093] Further, the length of 16 (mm) is a length by
which when a defect to a degree which is difficult to cor-
rectly reproduce the disk identifying code SB is caused,
the defect can sufficiently be detected by optical obser-
vation, thereby, the defect by which the disk identifying
code SB is difficult to reproduce correctly can simply be
discovered by optical inspection.

[0094] Further specifically, according to the disk orig-
inal exposure apparatus 1 (Fig. 1), there are formed two
kinds of the M series signals MA and MB which are binary
coefficient rows by the M series generating circuits 21A
and 21B and in the exclusive OR circuits 26A and 26B,
the lower bit b0 and the upper bit b1 of the disk identifying
code SB are disturbed respectively by the M series sig-
nals MA and MB and thereafter, multiplexed by the data
selector 28. Further, in the 7T or more detecting circuit
30 of the additional modulating circuit 14, a timing in cor-
respondence with a pit having a period of 7T or more is
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detected from the EFM signal EFM and based on a result
of detecting the timing, the signal level of the EFM signal
EFM is made to fall by the signal multiplexed by the data
selector 28 by the subtracting circuit 37 at a timing in
correspondence with substantial center of the pit having
the period of 7T or more. Thereby, the disk identifying
code SB is allocated with 1 bit in the track having the
length 16 (mm), dispersed within the range of 16 (mm)
and recorded by changing a substantially central portion
of the pit having the period of 7T or more formed in the
range.

[0095] With regard to the pit having such a long period,
when the pit width of the substantially central portion is
changed, according to the compact disk 40, distances
from a pit start position and a pit finish position to the
portion where the pit width is changed, is substantially
equal to or larger than a beam diameter of laser beam
irradiated in reproducing operation. Thereby, according
to the compact disk 40, even when the pit is locally
changed in this way, with regard to a timing at which a
reproduced signal traverses a slice level of binarization,
the pit can be constituted such that nothing changes,
thereby, the disk identifying code SB can be recorded to
multiplex such that no influence is effected on reproduc-
tion of audio data which is main data recorded by the pit
row.

[0096] Thereby, according to the disk identifying code
SB recorded in this way, by disturbing and multiplexing
the disk identifying code SB by the two kinds of the M
series signals MA and MB, the disk identifying code SB
isformed irregularly by continuous pitsinthe local change
formed by the pit having the period of 7T or more in this
way. Thereby, the disk identifying code SB can be made
significantly difficult to discover or detect by observation
by a microscope or the like and by waveform analysis or
the like of a reproduced signal.

[0097] Further, by carrying out the multiplexing
processing by selecting two series of disturbing signals
with the random number signal RX generated by the ran-
dom number generating circuit 27 as a reference, the
local change formed in pits can be set significantly irreg-
ularly by continuous pits also thereby. Therefore, the
record of sub-data of this kind can be made further difficult
to discover or detect by that amount.

[0098] Thereby, on the reproduction side, irregular
copy can effectively be excluded based on a result of
detecting the disk identifying code such that right of the
copyright owner is protected.

[0099] Further, it is difficult to copy the locality of such
a pit shape by a general method of forming illegal copy
and therefore, illegal copy can effectively be excluded
also thereby.

[0100] Particularly, according to the embodiment, by
allocating the track length of 16 [mm] to 1 pit of the disk
identifying code SB, and by being capable of setting a
time period of making the signal level of the EFM signal
EFM fall by the monostable multivibrator 35, the disk
identifying code SB can be reproduced with certainty
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while significantly reducing deformation of a signal pit
and the disk identifying code can be made difficult to dis-
cover or detect and difficult to copy also thereby.
[0101] Inrecording the disk identifying code SB by dis-
turbing the M series signals MA and MB in this way, ac-
cording to the additional modulating circuit 14, in the syn-
chronization detecting circuit 20, the frame boundary and
the block boundary of the time code are detected by the
EFM signal EFM. Further, the initial value is set to the M
series calculating circuit 24 by a unit of the frame by the
initial value generating circuit 23 with the results of de-
tection as a reference, thereby the M series signals MA
and MB are initialized by a period of the frame.

[0102] Thereby, on the reproduction side, in generat-
ing similar M series signals MA and MB in reproducing
the disk identifying code SB recorded by disturbing there-
of in this way, even in the case in which an error of so-
to-speak bit slip or the like is caused in the channel clock,
an influence by the error can be repaired in a short period
of time. Thereby, the disk identifying code recorded to
be difficult to discover or detect can be reproduced with
certainty.

[0103] That is, according to the compact disk 40
formed from the disk original 2, in the optical disk repro-
ducing apparatus 41 (Fig. 5), return beam provided by
irradiating laser beam is received and reproduced signal
HF the signal level of which is changed in accordance
with the pit row is generated. According to the optical disk
reproducing apparatus 41, the reproduced signal HF is
binarized, the channel clock CK is reproduced and the
audio data SA is reproduced by processing of the decod-
ing circuit 47 and the ECC circuit 48 with the channel
clock CK as the reference.

[0104] Atthis occasion, according to the compact disk
40, since the local change of pit is formed by a pit having
the period 7T or more and at substantially central portion
of the pit, a beam spot by the laser beam scans edges
of the pit and the location where the pit width is changed
by different timings, thereby, in the reproduced signal
HF, an influence effected by reducing the pit width locally
can be avoided. That is, according to the compact disk
40, a change of the signal level at a vicinity of the respec-
tive edge produced by changing the pit is prevented,
thereby, the audio data SA can be reproduced by a
processing the same as that of a normal compact disk
player.

[0105] According to the optical disk reproducing appa-
ratus 41, further in the analog/digital conversion circuit
49, the reproduced signal HF is sampled at the period of
the channel clock CK to thereby generate the digital re-
produced signal DX and the digital reproduced signal DX
is processed by the second decoding circuit 50 to thereby
reproduce the disk identifying code SB. According to the
optical disk reproducing apparatus 41, based on a result
of reproducing the disk identifying code SB, for example,
the processing of the audio data SA is switched, thereby,
right of the copyright owner can effectively be protected.
[0106] Inthe processing atthe second decoding circuit
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50 (Fig. 6), in the 7T or more detecting circuit 57, by
monitoring the signal level of the continuous binarized
signal BD with the channel clock CK as the reference,
similar to detection on the recording side, a timing in cor-
respondence with a pit having the period of 7T or more
is detected. Further, based on a result of the detection,
the digital reproducing signal DX is latched to the latch
58, thereby, the digital reproducing signal DX is selec-
tively inputted with regard to a timing of superposing the
disk identifying code SB.

[0107] Further, in the synchronization detecting circuit
52, the frame boundary and the block boundary are de-
tected from the binarizing signal BD and in the M series
generating circuits 53A and 53B, the M series signals
MA and MB similar to those in the recording operation
are generated based on results of detecting the frame
boundary and the block boundary. Further, by two kinds
of the M series signals MA and MB, there are provided
product sum calculating results with the digital repro-
duced signals DX respectively inputted to the latch 58
selectively and the product sum calculating results are
determined by the determining circuits 62A and 62B.
[0108] According to the optical disk reproducing appa-
ratus 41, at every length of 16 (mm) allocated with 1 bit
of the disk identifying code SB, the processing is repeat-
ed, thereby, the disk identifying code SB is decoded.
Thereby, the product sum calculating results of the local
change of the pit provided from the range of 16 (mm) in
this way, are provided with a value sufficiently larger than
that of random noise mixed in the reproduced signal HF.
Therefore, even when the change amount at the respec-
tive pitis set to extremely small deformation amount, the
change amount can be reproduced with certainty.
[0109] Further, in the reproducing operation, by calcu-
lating the product sum calculating results by respectively
using the M series signals MA and MB, even when the
disturbing signals of the lower bit bO and the higher bit
b1l in correspondence with the M series signals MA and
MB are multiplexed by irregular arrangements and a ref-
erence of decoding multiplex formation of these is not
transferred from the recording side to the reproducing
side, the lower bit b0 and the higher bitb1 can be decoded
correctly. Therefore, the disk identifying code is made
difficult to discover and yet can be reproduced with cer-
tainty also thereby.

[0110] In this way, the M series signals MA and MB
used in decoding the disk identifying code SB are respec-
tively made to correspond to those in recording operation
and are initialized by the period of frame in the M series
generating circuits 53A and 53B. Thereby, according to
the optical disk reproducing apparatus 41, even in the
case in which the reproduced signal HF is interrupted by
a defect of the compact disk 40 or the like to thereby
produce so-to-speak bit slip, the M series signals MA and
MB can be corrected swiftly and erroneous detection of
the disk identifying code SB can be prevented by that
amount.
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(3) Effect of embodiment

[0111] According to the above-described constitution,
with regard to a defect having a size by which at least
the audio data SA which is the main data can be repro-
duced correctly, by recording the disk identifying code
SB which is the sub-data such that the disk identifying
code SB can be reproduced correctly by allocating 1 bit
of the disk identifying code SB to a pit row having a pre-
determined length or more, in the case in which the disk
identifying code is recorded by partial change of the pit
shape, the disk identifying code can be reproduced with
certainty without repeatedly recording the disk identifying
code. Further, by allocating 1 bit in a long range, local
change of the pit shape can be reduced, thereby, the disk
identifying code SB can be made difficult to discover,
further, formation of copy can be prevented, thereby, il-
legal copy can effectively be prevented.

[0112] Further, in the case in which there causes a
defect which makes 1 bit of the disk identifying code SB
difficult to reproduce, since the length of allocating the 1
bit of the disk identifying code SB is the length by which
the defect can be detected by optical observation, a com-
pact disk in which the disk identifying code SB cannot be
reproduced correctly can be discovered simply and qual-
ity of the compact disk can be promoted by that amount.
[0113] Further, by disturbing and recording the disk
identifying code SB by the M series signals MA and MB
which are binary coefficient rows, local change formed
in a pit can be made difficult to discover or detect and
illegal copy can be prevented also thereby.

[0114] Further, the binary coefficient row is the binary
coefficient row of M series and accordingly, the binary
coefficient row of this kind can be formed simply.
[0115] Further, respective bits of the disk identifying
code are disturbed respectively by two series of the M
series signals MA and MB and thereafter the respective
bits are multiplexed and recorded by local change of the
pit shape, also thereby, the disk identifying code can be
made difficult to detect.

[0116] Further, by executing the multiplexing process-
ing by selection using random number, the disk identify-
ing code can further be made difficult to detect.

[0117] Further, by initializing the M series signals MA
and MB by the frame period, erroneous detection of the
disk identifying code SB by bit slip or the like can be
prevented.

[0118] Thereby, by constituting the reproduction side
to correspond with these constitutions, illegal copy can
effectively be prevented and right of the copyright owner
can effectively be protected.

(4) Other embodiments

[0119] Further, although according to the above-de-
scribed embodiment, a description has been given of the
case in which 1 bit of the disk identifying code which is
the sub-data is allocated to the length of 16 (mm), the
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present invention is not limited thereto but the length of
allocating the 1 bit can be set to various length as nec-
essary. Further, after various investigation, it is found that
influence of a defect can be avoided practically sufficient-
ly by allocating 1 bit of the disk identifying code to a length
of 1 (mm) or more although depending on to what degree
an error rate of the disk identifying code is allowed.

[0120] Further, although according to the above-de-
scribed embodiment, a description has been given of the
case in which after disturbing the disk identifying code
by the binary coefficient row, the disk identifying code is
further disturbed by random number and is multiplexed,
the present invention is not limited thereto but after dis-
turbing the disk identifying code by the binary coefficient
row, the disk identifying code may be selected simply
alternately and multiplexed, further, respective disturbing
signals may be multiplexed by allocating the disturbing

signals respectively to pits having predetermined
lengths.
[0121] Further, although according to the above-de-

scribed embodiments, a description has been given of
the case in which 2 bits of the disk identifying code are
multiplexed and recorded, the present invention is not
limited thereto but a number of bits to be multiplexed can
be set variously, further, serial data may be recorded by
1 bit by omitting multiplexing processing.

[0122] Further, although according to the above-de-
scribed embodiment, a description has been given of the
case in which with regard to a pit having the period of 7T
or more, the pitwidth is modulated and the disk identifying
code is recorded, the present invention is not limited
thereto but when a reproducing system can ensure suf-
ficient allowance with regard to jitter of a reproduced sig-
nal, a pit the shape of which is to be changed can be
selected variously as necessary as in the case in which
the pit shape is changed with regard to a pit having the
period of 6T or more, the case in which the pit shape is
changed only with regard to a pit having a predetermined
length or the like.

[0123] Further, although according to the above-de-
scribed embodiment, a description has been given of the
case in which the pit shape is changed by temporarily
controlling laser beam to OFF by making the signal level
of the EFM signal fall locally, the present invention is not
limited thereto but, for example, the pit shape can be
changed by changing an optical amount of laser beam.
Thereby, the pit shape can also be changed such that
the pit width is increased locally and the disk identifying
code can also be decoded by three values by a local
increase in the pit width and a reduction in the pit width.
Further, the disk identifying code can also be recorded
by recording of multiple values higher than three values
by setting a degree of the increase and a degree of the
reduction in steps.

[0124] Further, although according to the above-de-
scribed embodiment, a description has been given of the
case in which the disk identifying code is recorded by
change of the pit shape, the present invention is not lim-
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ited thereto but various data is applicable to data record-
ed by change of the pit shape. That is, for example, the
main data may be ciphered and recorded by a pit row
and data necessary for deciphering thereof may be re-
corded by change of the pit shape, thereby, right of the
copyright owner can further be protected effectively.
[0125] Further, although according to the above-de-
scribed embodiment, a description has been given of the
case in which the sub-data is recorded simultaneously
and in parallel with the main data row by a pit row, the
present invention is not limited thereto but the sub-data
may be recorded only to a specific area of a compact
disk. Further, in this case, there is conceivable the case
in which the sub-data is recorded at, for example, read-
in area. Further, in these cases, the pit width is changed
also in an area in which the sub-data is not recorded at
all, thereby, an area recorded with the sub-data may be
made difficult to discover.

[0126] Further, although according to the above-de-
scribed embodiment, a description has been given of the
case in which the product sum calculation result is de-
termined by the determining circuit and the disk identify-
ing code is reproduced, the present invention is not lim-
ited thereto but, for example, Viterbi decoding or the like
or various identifying methods can be applied widely.
[0127] Further, although according to the above-de-
scribed embodiment, a digital audio signal is recorded
by carrying out EFM modulation, the present invention
is not limited thereto but is widely applicable to various
modulations such as 1-7 modulation, 8-16 modulation,
2-7 modulation and the like.

[0128] Further, although according to the above-de-
scribed embodiment, a description has been given of the
case in which desired data is recorded by a pit row, the
present invention is not limited thereto but is widely ap-
plicable also to the case in which desired data is recorded
by a mark row.

[0129] Further, although according to the above-de-
scribed embodiment, a description has been given of the
case in which the disk original is exposed by irradiating
laser beam, the present invention is not limited thereto
but, for example, widely applicable to the case in which
the desired data is recorded by irradiating electron beam.
[0130] Further, although according to the above-de-
scribed embodiment, a description has been given of the
case in which the audio data is recorded by applying the
present invention to a compact disk and peripheral ap-
paratus thereof, the presentinventionis not limited there-
to but is widely applicable to various optical disks and
peripheral apparatus thereof such as a video disk and
the like.

[0131] Further, although according to the above-de-
scribed embodiment, a description has been given of the
case inwhich the presentinventionis applied to an optical
disk system, the present invention is not limited thereto
but is widely applicable to an information recording me-
diumin a card-like shape formed with information record-
ing faces similar to those in an optical disk and peripheral
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apparatus of the information recording medium and so

on.

Claims

An information recording apparatus for recording
main data and an associated error correction code
by forming a pit row or a mark row to an information
recording medium (2) by irradiating the information
recording medium with a beam (L2) for recording,
said information recording apparatus comprising:

first modulating signal generating means (13)
for generating a first modulating signal in corre-
spondence with the pit row or the mark row;
second modulating means (14) for generating a
second modulating signal by modulating the first
modulating signal by sub-data such that a pit
(P1, P2) or a mark of the pit row or the mark row
is locally changed in accordance with a logical
level of the sub-data; and

beam modulating means (7) for modulating the
beam for recording by the second modulating
signal;

characterized in that

said second modulating means (14) is adapted to
generate said second modulating signal by allocat-
ing only one bit of the sub-data to the pit row or the
mark row having a predetermined length or more,
said predetermined length corresponding to a max-
imum defect length by which said main data can still
be reproduced correctly by the error correction code.

The information recording apparatus according to
Claim 1, wherein
the predetermined length is a length of 1mm or more.

The information recording apparatus according to
Claim 1, wherein

the predetermined length is a length by which said
defect can be detected by optical observation.

The information recording apparatus according to
Claim 1, wherein the second modulating means (14)
comprises:

binary coefficient row generating means (21A,
21B) for generating a binary coefficient row with
the first modulating signal as a reference;
disturbing means (26A, 26B) for generating a
disturbing signal by disturbing the sub-data by
the binary coefficient row; and

signal modulating means for generating the sec-
ond modulating signal by modulating the first
modulating signal by the disturbing signal.
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The information recording apparatus according to
Claim 4, wherein

the binary coefficient row is a binary coefficient row
of M series.

The information recording apparatus according to
Claim 4, wherein

the binary coefficient row generating means (21A,
21B) is adapted to generate at least a first and a
second one of the binary coefficient rows; and

the disturbing means (26A, 26B) is adapted to gen-
erate a first and a second one of the disturbing sig-
nals by disturbing a first and a second one of the bit
rows by the sub-data respectively by the first and the
second binary coefficient rows and to generate the
disturbing signal by multiplexing the firstand the sec-
ond ones of disturbing signals.

The information recording apparatus according to
Claim 6, wherein

the disturbing signal is generated by multiplexing the
first and the second ones of the disturbing signals
by selecting the first and the second ones of the dis-
turbing signals in accordance with a predetermined
random number (27).

The information recording apparatus according to
Claim 4, wherein

the binary coefficient row generating means (21A,
21B) is adapted to.initialize the binary coefficient row
at a constant period with the first modulating signal
as a reference.

The information recording apparatus according to
Claim 1, wherein

the first modulating means (13) is adapted to gener-
ate the first modulating signal by ciphering the main
data, wherein the sub-data are data necessary for
deciphering the main data.

An information recording method for recording main
data and an associated error correction code by
forming a pit row or a mark row on an information
data by forming a pit row or a mark row on an infor-
mation recording medium (2) by irradiating the infor-
mation recording medium (2) with a beam for record-
ing, said information recording method comprising
the steps of:

generating (13) a first modulating signal in cor-
respondence with the pit row or the mark row;
generating (14) a second modulating signal by
modulating the first modulating signal by sub-
data such that a pit (P1, P2) or a mark of the pit
row or the mark row is locally changed in ac-
cordance with alogical level of the sub-data; and
modulating (7) the beam for recording by the
second modulating signal;
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characterized in that

said second modulating signal is generated (14) by
allocating only one bit of the sub-data to the pit row
or the mark row having a predetermined length or
more, said predetermined length corresponding to a
maximum defect length by which said main data can
still be reproduced correctly by the error correction
code.

An information recording medium having recorded
thereon main data and an associated error correction
code by forming a pit row or a mark row, and sub-
data by locally changing a pit or a mark of the pit row
or the mark row,

characterized in that

said sub-data are recorded by allocating only one bit
of the sub-data to the pit row or the mark row having
a predetermined length or more, said predetermined
length corresponding to a maximum defect length
by which said main data can still be reproduced cor-
rectly by the error correction code.

The information recording medium according to
Claim 11, wherein
the predetermined length is a length of 1mm or more.

The information recording medium according to
Claim 11, wherein

the predetermined length is a length by which said
defect can be detected by optical observation.

The information recording medium according to
Claim 11, wherein

the local change is formed in accordance with a dis-
turbing signal disturbing the sub-data by a binary co-
efficient row.

The information recording medium according to
Claim 14, wherein

the binary coefficient row is a binary coefficient row
of M series.

The information recording medium according to
Claim 14, wherein

the binary coefficient row comprises at least a first
and a second one of the binary coefficient rows and
the disturbing signal is generated (26A, 26B) by mul-
tiplexing a first and a second one of the disturbing
signals generated by disturbing a first and a second
one of the pit rows by the sub-data by the first and
the second ones of binary coefficient rows.

The information recording medium according to
Claim 16, wherein

the first and the second ones of disturbing signals
are selected in accordance with a predetermined
random number to thereby generate the disturbing
signal.
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20.

21.

22.

23.
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The information recording medium according to
Claim 14, wherein

the binary coefficient row is initialized at a constant
period with the pitrow or the mark row as areference.

The information recording medium according to
Claim 11, wherein

the main data are ciphered, wherein the sub-data
are data necessary for deciphering the main data.

An information reproducing apparatus for irradiating
an information recording medium (40) recorded with
main data and an associated error correction code
by a pit row or a mark row with laser beam and re-
ceiving return beam to thereby reproduce the main
data and the error correction code said information
reproducing apparatus comprising:

reproduced signal generating means (43)
adapted to receive the return beam and to gen-
erate a reproduced signal a signal level of which
is changed in accordance with the pit row or the
mark row;

main decoding means (47) for decoding the
main data and the error correction code from the
reproduced signal;

sampling means (49) for sampling the repro-
duced signal and outputting a sampling signal
(DX); and

sub decoding means (50) adapted to reproduce
sub-data recorded by a local change in a pit or
a mark of the pit row or the mark row and to
detect said local change in a pit or a mark of the
pit row or the mark row by repeating to integrate
the sampling signal (DX) for a predetermined
time period,;

characterized in that

the sub decoding means (50) is adapted to set said
predetermined time period corresponding to a pre-
determined length or more of the pit row or the mark
row, said predetermined length corresponding to a
maximum defect length by which said main data can
still be reproduced correctly by the error correction
code.

The information reproducing apparatus according to
Claim 20, wherein
the predetermined length is alength of Lmm or more.

The information reproducing apparatus according to
Claim 20, wherein

the predetermined length is a length by which said
defect can be detected by optical observation.

The information reproducing apparatus according to
Claim 20, further comprising:
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binary coefficientrow generating means for gen-
erating a binary coefficient row with the repro-
duced signal as a reference; wherein

the sub decoding means (50) is adapted to in-
tegrate the sampling signal (DX) in accordance
with the binary coefficient row.

The information recording apparatus according to
Claim 23, wherein

the binary coefficient row is a binary coefficient row
of M series.

The information reproducing apparatus according to
Claim 23, wherein

the binary coefficient row generating means is adapt-
ed to generate at least a first and a second one of
the binary coefficient rows and the sub decoding
means is adapted to decode the sub-data by a first
and a second one of the bit rows in correspondence
with the first and the second ones of the binary co-
efficient rows by integrating the sampling signal re-
spectively in accordance with the first and the second
ones of the binary coefficient rows.

The information recording apparatus according to
Claim 23, wherein

the binary coefficient row generating means initial-
izes the binary coefficient row at a constant period
with the reproduced signal as a reference.

The information reproducing apparatus according to
Claim 20, wherein

the main decoding means (47) is adapted to decipher
the main data based on the sub-data.

Aninformation reproducing method for irradiating an
information recording medium (40) recorded with
main data and an associated error correction code
by a pit row or a mark row with laser beam and re-
ceiving return beam to thereby reproduce the main
data and the error correction code, said information
reproducing method comprising the steps of:

receiving (H) the return beam and generating
(43) a reproduced signal a signal level of which
is changed in accordance with the pit row or the
mark row;

decoding (47) the main data and the error cor-
rection code from the reproduced signal;
sampling (49) the reproduced signal and output-
ting a sampling signal (DX); and

reproducing (50) sub-data recorded by a local
change in a pit or a mark of the pit row or the
mark row by detecting said local change in a pit
or a mark of the pit row or the mark row by re-
peating to integrate the sampling signal (DX) for
a predetermined time period;
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characterized in that

said predetermined time period is set corresponding
to a predetermined length or more of the pit row or
the mark row, said predetermined length corre-
sponding to a maximum defect length by which said
main data can still be reproduced correctly by the
error correction code.

Patentanspriiche

1.

Informationsaufzeichnungsvorrichtung zum  Auf-
zeichnen von Hauptdaten und eines assoziierten
Fehlerkorrekturcodes durch Bilden einer Pitreihe
oder einer Markierungsreihe auf einem Informati-
onsaufzeichnungsmedium (2) durch Bestrahlen des
Informationsaufzeichnungsmediums mit  einem
Strahl (L2) zum Aufzeichnen, wobei die Informati-
onsaufzeichnungsvorrichtung umfasst:

eine erste Modulationssignalerzeugungsein-
richtung (13) zum Erzeugen eines ersten Modu-
lationssignals in Ubereinstimmung mit der
Pitreihe oder der Markierungsreihe;

eine zweite Modulationseinrichtung (14) zum
Erzeugen eines zweiten Modulationssignals
durch Modulieren des ersten Modulationssi-
gnals durch Unterdaten, so dass ein Pit (P1, P2)
oder eine Markierung der Pitreihe oder der Mar-
kierungsreihe lokal in Ubereinstimmung mit ei-
nem logischen Pegel der Unterdaten geéndert
werden; und

eine Strahlmodulationseinrichtung (7) zum Mo-
dulierendes Strahls zum Aufzeichnen durch das
zweite Modulationssignal;

dadurch gekennzeichnet, dass

die zweite Modulationseinrichtung (14) angepasst
ist, um das zweite Modulationssignal durch Zuwei-
sen nur eines Bits der Unterdaten zu der Pitreihe
oder der Markierungsreihe, welche eine vorbe-
stimmte Lange oder mehr aufweisen, zu erzeugen,
wobei die vorbestimmte L&nge einer maximalen De-
fektlange entspricht, bei welcher die Hauptdaten im-
mer noch korrekt durch den Fehlerkorrekturmodus
reproduziert werden kdnnen.

Informationsaufzeichnungsvorrichtung gemafn An-
spruch 1, wobei die vorbestimmte Lange eine Lange
von 1 mm oder mehr ist.

Informationsaufzeichnungsvorrichtung gemafn An-
spruch 1, wobei die vorbestimmte Lange eine Lange
ist, bei welcher der Defekt durch optische Beobach-
tung detektiert werden kann.

Informationsaufzeichnungsvorrichtung gemai An-
spruch 1, wobei die zweite Modulationseinrichtung
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(14) umfasst:

eine Binarkoeffizientenreihenerzeugungsein-
richtung (21 A, 21 B) zum Erzeugen einer bina-
ren Koeffizientenreihe mit dem ersten Modula-
tionssignal als Bezug;

eine Storeinrichtung (26A, 26B) zum Erzeugen
eines Storsignals durch Stéren der Unterdaten
durch die binare Koeffizientenreihe; und

eine Signalmodulationseinrichtung zum Erzeu-
gen des zweiten Modulationssignals durch Mo-
dulieren des ersten Modulationssignals durch
das Stdrsignal.

Informationsaufzeichnungsvorrichtung gemafn An-
spruch 4, wobei

die binare Koeffizientenreihe eine binére Koeffizien-
tenreihe einer M-Reihe ist.

Informationsaufzeichnungsvorrichtung gemafn An-
spruch 4, wobei

die Binarkoeffizientenreihenerzeugungseinrichtung
(21A, 21B) angepasst ist, um zumindest eine erste
und eine zweite der binaren Koeffizientenreihen zu
erzeugen; und

die Storeinrichtung (26A, 26B) angepasst ist, um ein
erstes und ein zweites der Storsignale durch Stdren
einer ersten und einer zweiten der Bitreihen durch
die Unterdaten jeweils um die erste und zweite Bi-
narkoeffizientenreinen zu erzeugen, und um das
Storsignal durch Multiplexen der ersten und der
zweiten der Stérsignale zu erzeugen.

Informationsaufzeichnungsvorrichtung gemaR An-
spruch 6, wobei

das Stérsignal durch Multiplexen der ersten und der
zweiten der Stérsignale durch Auswahlen der ersten
und zweiten von den Storsignalen in Ubereinstim-
mung mit einer vorbestimmten Zufallszahl (27) er-
zeugt wird.

Informationsaufzeichnungsvorrichtung gemaR An-
spruch 4, wobei

die Binarkoeffizientenerzeugungseinrichtung (21A,
21B) angepasstist, um die bindre Koeffizientenreihe
mit einer konstanten Periode mit dem ersten Modu-
lationssignal als Bezug zu initialisieren.

Informationsaufzeichnungsvorrichtung gemaR An-
spruch 1, wobei

die erste Modulationseinrichtung (13) angepasst ist,
um das erste Modulationssignal durch Verschlis-
seln der Hauptdaten zu erzeugen, wobei die Unter-
daten Daten sind, die notwendig zum Entschliisseln
der Hauptdaten sind.

Informationsaufzeichnungsverfahren zum Aufzeich-
nen von Hauptdaten und einem assoziierten Fehler-
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korrekturcode durch Bilden einer Pitreihe oder einer
Markierungsreihe auf einem Informationsaufzeich-
nungsmedium (2) durch Bestrahlen des Informati-
onsaufzeichnungsmediums (2) mit einem Strahl
zum Aufzeichnen, wobei das Informationsaufzeich-
nungsverfahren die folgenden Schritte umfasst:

Erzeugen (13) eines ersten Modulationssignals
in Ubereinstimmung mit der Pitreihe oder der
Markierungsreihe;

Erzeugen (14) eines zweiten Modulationssi-
gnals durch Modulieren des ersten Modulations-
signals durch Unterdaten, so dass ein Pit (P1,
P2) oder eine Markierung der Pitreihe oder der
Markierungsreihe lokal in Ubereinstimmung mit
einem logischen Pegel der Unterdaten geéndert
wird; und

Modulieren (7) des Strahls zum Aufzeichnen
durch das zweite Modulationssignal;

dadurch gekennzeichnet, dass

das zweite Modulationssignal durch Zuweisen nur
eines Bits der Unterdaten zu der Pitreihe oder der
Markierungsreihe, welche eine vorbestimmte Léange
oder mehr aufweisen, erzeugt wird, wobei die vor-
bestimmte La&nge einer maximalen Defektl&nge ent-
spricht, bei welcher die Hauptdaten immer noch kor-
rekt durch den Fehlerkorrekturcode reproduziert
werden kdnnen.

Informationsaufzeichnungsmedium, welches darauf
aufgezeichnet Hauptdaten und einen assoziierten
Fehlerkorrekturcode durch Bilden einer Pitreihe oder
einer Markierungsreihe und Unterdaten durch loka-
les Andern eines Pits oder einer Markierung der
Pitreihe oder der Markierungsreihe aufweist,
dadurch gekennzeichnet, dass

die Unterdaten durch Zuweisen nur eines Bits der
Unterdaten zu der Pitreihe oder der Markierungsrei-
he, welche eine vorbestimmte Léange oder mehr auf-
weisen, erzeugt wird, wobei die vorbestimmte Lange
einer maximalen Defektlange entspricht, beiwelcher
die Hauptdaten immer noch korrekt durch den Feh-
lerkorrekturcode reproduziert werden kénnen.

Informationsaufzeichnungsmedium gemaR An-
spruch 11, wobei

die vorbestimmte Lange eine Léange von 1 mm oder
mehr ist.

Informationsaufzeichnungsmedium gemaR An-
spruch 11, wobei

die vorbestimmte Lange eine Lange ist, bei welcher
der Defekt durch optische Beobachtung detektiert
werden kann.

Informationsaufzeichnungsmedium gemaR An-
spruch 11, wobei
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die lokale Anderung in Ubereinstimmung mit einem
Storsignal gebildet wird, welches die Unterdaten
durch eine binare Koeffizientenreihe stort.

Informationsaufzeichnungsmedium gemaR An-
spruch 14, wobei

die binare Koeffizientenreihe eine binére Koeffizien-
tenreihe der M-Reihe ist.

Informationsaufzeichnungsmedium gemaR An-
spruch 14, wobei

die binare Koeffizientenreihe zumindest eine erste
und eine zweite der binéren Koeffizientenreihen um-
fasst, und

das Storsignal durch Multiplexen eines ersten und
eines zweiten der Storsignale erzeugt wird (26A,
26B), welche durch Stdren einer ersten und einer
zweiten der Pitreihen durch die Unterdaten um die
ersten und zweiten der binaren Koeffizientenreihen
erzeugt wird.

Informationsaufzeichnungsmedium gemafR  An-
spruch 16, wobei

die ersten und die zweiten der Storsignale in Uber-
einstimmung mit einer vorbestimmten Zufallszahl
ausgewahlt werden, um dadurch das Storsignal zu
erzeugen.

Informationsaufzeichnungsmedium gemafRl An-
spruch 14, wobei

die binare Koeffizientenreihe mit einer konstanten
Periode mit der Pitreihe oder der Markierungsreihe
als Bezug initialisiert wird.

Informationsaufzeichnungsmedium gemafR  An-
spruch 11, wobei

die Hauptdaten verschliisselt werden, wobei die Un-
terdaten Daten sind, die notwendig zum Entschliis-
seln der Hauptdaten sind.

Informationsreproduktionsvorrichtung zum Bestrah-
len eines Informationsaufzeichnungsmediums (40),
auf welchem Hauptdaten und ein assoziierter Feh-
lerkorrekturcode durch eine Pitreihe oder eine Mar-
kierungsreihe mit einem Laserstrahl aufgezeichnet
sind, und zum Empfangen eines Rucklaserstrahls,
um dadurch die Hauptdaten und den Fehlerkorrek-
turcode zu reproduzieren, wobei die Informationsre-
produktionsvorrichtung umfasst:

eine Reproduktionssignalerzeugungseinrich-
tung (43), welche angepasst ist, um den Riick-
strahl zu empfangen und ein reproduziertes Si-
gnal zu erzeugen, wobei ein Signalpegel davon
in Ubereinstimmung mit der Pitreihe oder der
Markierungsreihe geandert wird;

eine Hauptdecodiereinrichtung (47) zum Deco-
dieren der Hauptdaten und des Fehlerkorrektur-
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codes von dem reproduzierten Signal;

eine Samplingeinrichtung (49) zum Samplen
desreproduzierten Signals und Ausgeben eines
Samplingsignals (DX); und

eine Unterdecodiereinrichtung (50), welche an-
gepasst ist, um Unterdaten zu reproduzieren,
welche durch eine lokale Anderung in einem Pit
oder einer Markierung der Pitreihe oder der Mar-
kierungsreihe aufgezeichnet sind, und um die
lokale Anderung in einem Pit oder einer Markie-
rung der Pitreihe oder der Markierungsreihe
durch Wiederholen, das Samplingsignal (DX)
fur eine vorbestimmte Zeitdauer zu integrieren,
zu detekieren;

dadurch gekennzeichnet, dass

die Unterdecodiereinrichtung (50) angepasst ist, um
die vorbestimmte Zeitdauer entsprechend einer vor-
bestimmten Lange oder mehr der Pitreihe oder der
Markierungsreihe einzustellen, wobei die vorbe-
stimmte Lange einer maximalen Defektlange ent-
spricht, bei welcher die Hauptdaten immer noch kor-
rekt durch den Fehlerkorrekturcode reproduziert
werden kdnnen.

Informationsreproduktionsvorrichtung gemaR An-
spruch 20, wobei

die vorbestimmte Lénge eine Lange von 1 mm oder
mehr ist.

Informationsreproduktionsvorrichtung gemaR An-
spruch 20, wobei
die vorbestimmte Lange eine Lange ist, bei welcher
der Defekt durch eine optische Beobachtung detek-
tiert werden kann.

Informationsreproduktionsvorrichtung gemafR An-
spruch 20, weiterhin umfassend:

eine Binarkoeffizientenreihenerzeugungsein-
richtung zum Erzeugen einer bindren Koeffizi-
entenreihe mit dem reproduzierten Signal als
Bezug; wobei

die Unterdecodiereinrichtung (50) angepasst
ist, um das Samplingsignal (DX) in Ubereinstim-
mung mit der binaren Koeffizientenreihe zu in-
tegrieren.

Informationsreproduktionsvorrichtung gemaR An-
spruch 23, wobei

die binare Koeffizientenreihe eine binare Koeffizien-
tenreihe der M-Reihe ist.

Informationsreproduktionsvorrichtung gemaR An-
spruch 23, wobei

die Binarkoeffizientenreihenerzeugungseinrichtung
angepasst ist, um zumindest eine erste und eine
zweite der bindren Koeffizientenreihen zu erzeugen,
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und die Unterdecodiereinrichtung angepasst ist, um
die Unterdaten durch eine erste und eine zweite der
Bitreihen in Ubereinstimmung mit den ersten und
den zweiten der bindren Koeffizientenreihen durch
Integrieren des Samplingsingals jeweils in Uberein-
stimmung mit den ersten und den zweiten der bina-
ren Koeffizientenreihen zu decodieren.

Informationsreproduktionsvorrichtung gemai An-
spruch 23, wobei

die Binarkoeffizientenreihenerzeugungseinrichtung
die binare Koeffizientenreihe mit einer konstanten
Periode mit dem reproduzierten Signal als Bezug
initialisiert.

Informationsreproduktionsvorrichtung gemai An-
spruch 20, wobei

die Hauptdecodiereinrichtung (47) angepasstist, um
die Hauptdaten basierend auf den Unterdaten zu
entschlusseln.

Informationsreproduktionsverfahren zum Bestrah-
len eines Informationsaufzeichnungsmediums (40),
auf welchem Hauptdaten und ein assoziierter Feh-
lerkorrekturcode durch eine Pitreihe oder eine Mar-
kierungsreihe mit Laserstrahl aufgezeichnet sind,
und zum Empfangen eines Ruckstrahls, um da-
durch die Hauptdaten und den Fehlerkorrekturcode
zu reproduzieren, wobei das Informationsreproduk-
tionsverfahren die folgenden Schritte umfasst:

Empfangen (H) des Ruckstrahls und Erzeugen
(43) eines reproduzierten Signals, dessen Si-
gnalpegel in Ubereinstimmung mit der Pitreihe
oder der Markierungsreihe geéndert wird,;
Decodieren (47) der Hauptdaten und des Feh-
lerkorrekturcodes von dem reproduzierten Si-
gnal;

Sampeln (49) des reproduzierten Signals und
Ausgeben eines Samplingsignals (DX); und
Reproduzieren (50) von Unterdaten, welche
durch eine lokale Anderung in einem Pit oder
einer Markierung der Pitreihe oder der Markie-
rungsreihe aufgezeichnet sind, durch Detektie-
ren der lokalen Anderung in einem Pit oder einer
Markierung der Pitreihe oder der Markierungs-
reine durch Wiederholen, das Samplingsignal
(DX) fur eine vorbestimmte Zeitdauer zu inte-
grieren;

dadurch gekennzeichnet, dass

die vorbestimmte Zeitdauer entsprechend einer vor-
bestimmten Lange oder mehr der Pitreihe oder der
Markierungsreihe eingestellt wird, wobei die vorbe-
stimmte Lange einer maximalen Defektlange ent-
spricht, bei welcher die Hauptdaten immer noch kor-
rekt durch den Fehlerkorrekturcode reproduziert
werden kénnen.
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Revendications

Appareil d’enregistrement d’'informations pour enre-
gistrer des données principales ainsi qu’un code de
correction d’erreur associé en formant une rangée
de puits ou une rangée de marques sur un support
d’enregistrement d'informations (2) en irradiant le
support d’enregistrement d'informations avec un
faisceau (L2) pour un enregistrement, ledit appareil
d’enregistrement d’informations comprenant :

des premiers moyens de génération de signal
de modulation (13) pour générer un premier si-
gnal de modulation en correspondance avec la
rangée de puits ou la rangée de marques ;
des deuxiémes moyens de modulation (14) pour
générer un deuxiéme signal de modulation en
modulant le premier signal de modulation par
des données secondaires, de telle sorte qu’'un
puits (P1, P2) ou une marque de la rangée de
puits ou de la rangée de marques est modifié(e)
localement en accord avec un niveau logique
des données secondaires ; et

des moyens de modulation de faisceau (7) pour
moduler le faisceau pour un enregistrement par
le deuxieme signal de modulation ;

caractérisé en ce que

lesdits deuxiémes moyens de modulation (14)
sontadaptés pour générer ledit deuxieme signal
de modulation en attribuant uniquement un seul
bit des données secondaires a la rangée de
puits ou a la rangée de marques qui a une lon-
gueur prédéterminée - ou plus -, ladite longueur
prédéterminée correspondant a une longueur
de défaut maximum par laquelle lesdites don-
nées principales peuvent néanmoins toujours
étre reproduites correctement par le code de
correction d’erreur.

Appareil d’enregistrement d’'informations selon lare-
vendication 1, dans lequel :

la longueur prédéterminée est une longueur de
1 mm - ou plus.

Appareil d’enregistrement d’'informations selon lare-
vendication 1, dans lequel :

la longueur prédéterminée est une longueur par
laquelle ledit défaut peut étre détecté par obser-
vation optique.

Appareil d’enregistrement d’'informations selon lare-
vendication 1, dans lequel les deuxiemes moyens
de modulation (14) comprennent :
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des moyens de génération de rangées de coef-
ficients binaires (21A, 21B) pour générer une
rangée de coefficients binaires avec le premier
signal de modulation en tant qu'une référence ;
des moyens de génération de signal perturba-
teur (26A, 26B) pour générer un signal pertur-
bateur en perturbant les données secondaires
par la rangée de coefficients binaires ; et

des moyens de modulation de signal pour gé-
nérer le deuxiéme signal de modulation en mo-
dulant le premier signal de modulation par le si-
gnal perturbateur.

Appareil d’enregistrement d’'informations selon lare-
vendication 4, dans lequel :

larangée de coefficients binaires est une rangée
de coefficients binaires de série M.

Appareil d’enregistrement d'informations selon lare-
vendication 4, dans lequel :

les moyens de génération de rangées de coef-
ficients binaires (21A, 21B) sont adaptés pour
générerau moins une premiére etune deuxiéme
des rangées de coefficients binaires ; et

les moyens de génération de signal perturbateur
(26A, 26B) sont adaptés pour générer un pre-
mier et un deuxieme des signaux perturbateurs
en perturbant une premiére et une deuxieme
des rangées de bits par les données secondai-
res respectivement par la premiére et la deuxie-
me rangées de coefficients binaires, et pour gé-
nérer le signal perturbateur en multiplexant le
premier et le deuxiéme des signaux perturba-
teurs.

Appareil d’enregistrement d’informations selon lare-
vendication 6, dans lequel :

le signal perturbateur est généré en multiplexant
le premier et le deuxiéme des signaux perturba-
teurs en sélectionnant le premier et le deuxieme
des signaux perturbateurs en accord avec un
nombre aléatoire prédéterminé (27).

8. Appareil d’enregistrement d’informations selon lare-

vendication 4, dans lequel :

les moyens de génération de rangées de coef-
ficients binaires (21A, 21B) sont adaptés pour
initialiser larangée de coefficients binairesaune
période de temps constante avec le premier si-
gnal de modulation en tant qu’une référence.

9. Appareil d’enregistrement d’'informations selon lare-

vendication 1, dans lequel :
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les premiers moyens de modulation (13) sont
adaptés pour générer le premier signal de mo-
dulation en chiffrant les données principales,
dans lequel les données secondaires sont des
données nécessaires a un déchiffrement des
données principales.

10. Procédé d’enregistrement d'informations pour enre-

gistrer des données principales ainsi qu’un code de
correction d’erreur associé en formant une rangée
de puits ou une rangée de marques sur un support
d’enregistrement d'informations (2) en irradiant le
support d’enregistrement d'informations (2) avec un
faisceau pour un enregistrement, ledit procédé d’en-
registrement d'informations comprenant les étapes
consistant a :

générer (13) un premier signal de modulation
en correspondance avec la rangée de puits ou
la rangée de marques ;

générer (14) un deuxiéme signal de modulation
en modulant le premier signal de modulation par
des données secondaires, de telle sorte qu’'un
puits (P1, P2) ou une marque de la rangée de
puits ou de la rangée de marques est modifié(e)
localement en accord avec un niveau logique
des données secondaires ; et

moduler (7) le faisceau pour un enregistrement
par le deuxieme signal de modulation ;

caractérisé en ce que

ledit deuxieme signal de modulation (14) est gé-
néré en attribuant uniquement un seul bit des
données secondaires a la rangée de puits ou a
la rangée de marques qui a une longueur pré-
déterminée - ou plus -, ladite longueur prédéter-
minée correspondant a une longueur de défaut
maximum par laquelle lesdites données princi-
pales peuvent néanmoins toujours étre repro-
duites correctement par le code de correction
d'erreur.

11. Support d’enregistrement d’'informations contenant,

enregistrés sur lui, des données principales ainsi
qu'un code de correction d’erreur associé en formant
une rangée de puits ou une rangée de marques, et
des données secondaires en modifiant localement
un puits ou une marque de la rangée de puits ou de
la rangée de marques,

caractérisé en ce que

lesdites données secondaires sont enregistrées
en attribuant uniqguement un seul bit des don-
nées secondaires a la rangée de puits ou a la
rangée de marques qui a une longueur prédé-
terminée - ou plus -, ladite longueur prédétermi-
née correspondant a une longueur de défaut
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maximum par laquelle lesdites données princi-
pales peuvent néanmoins toujours étre repro-
duites correctement par le code de correction
d'erreur.

Support d’enregistrement d’informations selon la re-
vendication 11, dans lequel :

la longueur prédéterminée est une longueur de
1 mm - ou plus.

Support d’enregistrement d’informations selon la re-
vendication 11, dans lequel :

la longueur prédéterminée est une longueur par
laquelle ledit défaut peut étre détecté par obser-
vation optique.

Support d’enregistrement d’informations selon la re-
vendication 11, dans lequel :

la modification locale est réalisée en accord
avec un signal perturbateur en perturbant les
données secondaires par une rangée de coef-
ficients binaires.

Support d’enregistrement d’informations selon la re-
vendication 14, dans lequel :

larangée de coefficients binaires estune rangée
de coefficients binaires de série M.

Support d’enregistrement d’informations selon la re-
vendication 14, dans lequel :

la rangée de coefficients binaires comprend au
moins une premiére et une deuxiéme des ran-
gées de coefficients binaires ; et

le signal perturbateur est généré (26A, 26B) en
multiplexant un premier et un deuxiéme des si-
gnaux perturbateurs générés en perturbant une
premiéere et une deuxieme des rangées de puits
par les données secondaires respectivement
par la premiére et la deuxiéme des rangées de
coefficients binaires.

Support d’enregistrement d’informations selon la re-
vendication 16, dans lequel :

le premier et le deuxiéme des signaux perturba-
teurs sont sélectionnés en accord avec un nom-
bre aléatoire prédéterminé, de fagon a générer
de ce fait le signal perturbateur.

Support d’enregistrement d’informations selon la re-
vendication 14, dans lequel :

la rangée de coefficients binaires est initialisée
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a une période de temps constante, avec la ran-
gée de puits ou la rangée de marques en tant
gu'une référence.

Support d’enregistrement d’informations selon la re-
vendication 11, dans lequel :

les données principales sont chiffrées, dans le-
guelles données secondaires sont des données
nécessaires a un déchiffrement des données
principales.

Appareil de reproduction d’informations pour irradier
unsupportd’enregistrement d’informations (40) con-
tenant, enregistrés en lui, des données principales
ainsi qu’'un code de correction d’erreur associé, par
une rangée de puits ou une rangée de marques avec
un faisceau laser, et pour recevoir un faisceau de
retour, de fagon a reproduire de ce fait les données
principales ainsi que le code de correction d’erreur,
ledit appareil de reproduction d'informations
comprenant :

des moyens de génération de signal reproduit
(43) qui sont adaptés pour recevoir le faisceau
de retour et pour générer un signal reproduit
dont un niveau de signal est modifié en accord
avec la rangée de puits ou la rangée de
marques ;

des moyens de décodage principal (47) pour dé-
coder les données principales ainsi que le code
de correction derreur a partir du signal
reproduit ;

des moyens d'échantillonnage (49) pour échan-
tillonner le signal reproduit et pour délivrer en
sortie un signal d’échantillonnage (DX) ; et
des moyens de décodage secondaire (50) qui
sont adaptés pour reproduire des données se-
condaires enregistrées par une modification lo-
cale dans un puits ou une marque de la rangée
de puits ou de la rangée de marques, et pour
détecter ladite modification locale dans un puits
ou une marque de la rangée de puits ou de la
rangée de marques en exécutant une répétition
de facon a intégrer le signal d’échantillonnage
(DX) pendant une période de temps
prédéterminée ;

caractérisé en ce que

les moyens de décodage secondaire (50) sont
adaptés pour définir ladite période de temps pré-
déterminée correspondant a une longueur pré-
déterminée - ou plus - de la rangée de puits ou
de la rangée de marques, ladite longueur pré-
déterminée correspondant a une longueur de
défaut maximum par laquelle lesdites données
principales peuvent néanmoins toujours étre re-
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produites correctement par le code de correc-
tion d’erreur.

Appareil de reproduction d’'informations selon la re-
vendication 20, dans lequel :

la longueur prédéterminée est une longueur de
1 mm - ou plus.

Appareil de reproduction d’'informations selon la re-
vendication 20, dans lequel :

la longueur prédéterminée est une longueur par
laquelle ledit défaut peut étre détecté par obser-
vation optique.

Appareil de reproduction d’'informations selon la re-
vendication 20, comprenant par ailleurs :

des moyens de génération de rangées de coef-
ficients binaires pour générer une rangée de
coefficients binaires avec le signal reproduit en
tant gu'une référence ; dans lequel :

les moyens de décodage secondaire (50)
sont adaptés pour intégrer le signal échan-
tillonnage (DX) en accord avec la rangée
de coefficients binaires.

Appareil d’enregistrement d'informations selon lare-
vendication 23, dans lequel :

larangée de coefficients binaires estune rangée
de coefficients binaires de série M.

Appareil de reproduction d’'informations selon la re-
vendication 23, dans lequel :

les moyens de génération de rangées de coef-
ficients binaires sont adaptés pour générer au
moins une premiére et une deuxiéme des ran-
gées de coefficients binaires, et les moyens de
décodage secondaire sont adaptés pour déco-
der les données secondaires par une premiére
et une deuxiéme des rangées de bits en corres-
pondance avec la premiére et la deuxiéme des
rangées de coefficients binaires en intégrant le
signal d’échantillonnage respectivement en ac-
cord avec la premiére et la deuxiéme des ran-
gées de coefficients binaires.

Appareil d’enregistrement d'informations selon lare-
vendication 23, dans lequel :

les moyens de génération de rangées de coef-
ficients binaires initialisent la rangée de coeffi-
cients binaires a une période de temps constan-
te avec le signal reproduit en tant qu’une réfé-
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27.
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40
rence.

Appareil de reproduction d’informations selon la re-
vendication 20, dans lequel :

les moyens de décodage principal (47) sont
adaptés pour déchiffrer les données principales
sur la base des données secondaires.

Procédé de reproduction d’informations pour irradier
unsupportd’enregistrement d’informations (40) con-
tenant, enregistrés en lui, des données principales
ainsi qu’un code de correction d’erreur associé, par
une rangée de puits ou une rangée de marques avec
un faisceau laser, et pour recevoir un faisceau de
retour, de fagon a reproduire de ce fait les données
principales ainsi que le code de correction d’erreur,
ledit procédé de reproduction d’informations com-
prenant les étapes consistant a :

recevoir (H) le faisceau de retour et générer (43)
un signal reproduit dont un niveau de signal est
modifié en accord avec la rangée de puits ou la
rangée de marques ;

décoder (47) les données principales ainsi que
le code de correction d’erreur a partir du signal
reproduit ;

échantillonner (49) pour le signal reproduit et
délivrer en sortie un signal d’échantillonnage
(DX); et

reproduire (50) des données secondaires enre-
gistrées par une modification locale dans un
puits ou une marque de la rangée de puits ou
de la rangée de marques, en détectant ladite
modification locale dans un puits ou une marque
de la rangée de puits ou de la rangée de mar-
gues en exécutant une répétition de fagon a in-
tégrer le signal d’échantillonnage (DX) pendant
une période de temps prédéterminée ;

caractérisé en ce que

ladite période de temps prédéterminée est dé-
finie de fagon a correspondre a une longueur
prédéterminée - ou plus - de la rangée de puits
ou delarangée de marques, ladite longueur pré-
déterminée correspondant a une longueur de
défaut maximum par laquelle lesdites données
principales peuvent néanmoins toujours étre re-
produites correctement par le code de correc-
tion d’erreur.
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